analysed. A significant reduce of BDEs observed confirms the decrease of the antioxidant activity by the metal chelation. The charge transfer induced by metal chelation is examined using the NBO analysis.
Introduction
The use of thiosemicarbazide has become in organic synthesis a classical strategy of the synthesis for several heterocycles. Among the increasing number of heterocyclic nitrogen containing compounds, which are pursued in both industry and academia, 1,2,4 triazole derivatives are also interesting targets for drugs design. In general, 1,2,4 triazole derivatives are biologically versatile compounds displaying a variety of biological effects which include anti-imflammatory [1] , antimycobacterial [2] [3] , antifugal [4] , antibacterial [5] [6] and antiviral activities [3] . The 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives obtained through the reaction [7] of 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-ones with 3,4 dihydroxy benzaldehyde, possess various biological properties such as anticonvulsant [7] , antifungal [8] [9] , antituberculosis [10] and antiproliferative [11] activities. In addition, 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives which exhibit important pharmacological activities such as antivirius [12] and antioxidant [13] [14] have found wide use in medicinal chemistry as common structures. Some 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives were titrated potentiometrically against tetrabutylammonium hydroxide in non-aqueous solvent [15] . The determination of pKa values of active constituents of certain pharmaceutical preparation is important, because their distribution, transport behaviours, bonding to receptor and contributions to metabolic behaviour depend on ionization constant [16] . Haydar and al [17] have reported the pKa values of eight 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives using potentiometric titration against tetrabutylammonium hydroxide in aqueous solvents and analysed its antioxidant activities which has been focused only on a reverse correlation between DPPH (2,2 diphenyl-1-picrylhydrazyl) radical scavenging activity and structures [16] .
The mechanism by which the 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives carry out the antioxidant activity has not been elucidated yet. Theoretical studies on SAR (structure-activity relationships) of these compounds should complement experimental investigations. However, to the best of our knowledge, no calculation the antioxidant of 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives has been reported so far. In our previous work done in various non-aqueous solvent, the relative antioxidant activities of 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives was investigated [18] . It was point out that the phenolic moiety has a higher antioxidant activity than the 1,2,4-triazole homolog. It is well known that chelating effect toward TM (transition metal) ions by antioxidant molecules may not activate metal ion and potentially inhibit the metal-dependent processes [19] . Free iron(II) ions catalyze the production of highly active ROS (reactive oxygen species) such as O 2 , H 2 O 2 and OH· though Haber-Weiss reactions [20] . In general, free transition metal ions have pivotal role in the generation of oxygen free radical in living organism [21] . The production of these radicals leads to lipid peroxidation, protein modification and DNA damage [22] . The ferrous state of iron accelerates lipid oxidation by breaking down the hydrogen and lipid peroxide to reactive radical via the Fenton reactions [23] . Therefore, the complexation with different divalent metal ions (Mg 2+ , Ca
2+
, Fe 2+ and Cu 2+ ) with organic ligands such as 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives prevent redox cycling [24] [25] . However no published data referring to binding of metal by 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives have been reported.
In the present study, we aim at theoretical investigation of complexations of BDHTD (4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-o ne derivatives) by divalent doubly charged metal ions M 2+ (M = Mg, Ca, Fe and Cu) using DFT (density functional theory) [26] . The authors had only approached complexation in bidentate complexes. The substitution effects on the structural geometries of the complexes obtained was also analyzed in gas phase and non-aqueous solvent media (acetonitrile and DMF (N,N-dimethylformamide)). 
Computational Details
All compounds were optimized with the Gaussian 03 program [27] employing the electron correlated B3LYP functional [27] of the DFT (density functional theeory) method [28] . Previous theoretical calculations have shown that the B3LYP approach is a cost-effective method for studing transition metal-ligand systems [28] [29] [30] [31] . The polarized double zeta split valence 6-31G(d,p) was chosen and used throughout the computational process. Vibrational frequency calculations give the zero point vibrational energies and the number of imaginary frequencies . Absolute energies and Gibbs energies were computed for all complexes studied in various media. The NBO (natural bond orbital) technique [32] was used for charge computations. Absolute energies, enthalpies and free energies were computed for the reactions studied (Eq. (1)). 
All these calculations were undertaken in vacuum and non-aqueous solvents. Continuum solvation models turned out to be an important tool for investigation of some properties of molecules in solution, due to their relative flexibility and low computational cost. The PCM (polarizable continuum model) presents good accuracy, adaptability and reduced computational effort in describing solvent effects [33] . Furthermore, PCM method has been widely adopted in the description of the thermodynamic characteristics of salvation [34] . This fact justifies the use of the IEF-PCM (integral formulation version of PCM) throughout this work at the same level of computation.
Results and Discussion

Structural Details
Geometry optimizations were performed with two distinct coordination modes: for 6c complex, the chelation effect slightly affected the values of N 2 -N 1 -C 7 -C 4 dihedral angles of BDHTD.
The variation of these dihedral angles shows that solvation of complexes lead to structures with phenyl and triazole rings contained in the same plane for 2c, 4c and 6c complexes. The impact of solvation on the geometrical structures is very sensitive. For example, differences in M-O 1 bond lengths, for example were in the range: 0.001-1.456 Ǻ.
Stability and Interaction Energies
The total energies and the relative free energies of our series of 24 complexes calculated in various media are given in This possible correlation between the MIA and retained charge of metal was confirmed by previous works focused on the DFT study of interaction of thymine with Cu + and Zn 2+ [42, 43] .
The sign of the values of Gibb energies for the reaction of complexation (1) shows that the complexation is possible in gas and in acetonitrile. In DMF, the complexation with the ligand c is impossible. In the same way, the complexation in the 
Bond dissociation Energy and electronic structures
The variation of the bond dissociation energies of X-H n (X = O, C; n = 2, 3, 4, 7) is almost identical. For sake of simplicity, the bond dissociation energies for O 2 -H 2 of BDHTD (b and c) only are presented in Table 5 . The comparison of BDEs in both coordination modes shows that the decrease in BDE 2 was more pronounced for k 2 The correlation agrees with the conclusion of previous works [44, 45] that showed the correlation between the BDE and HOMO values.
Charge Transfer Induced by Metal Chelation
The natural charge distribution of atoms in gas-phase has been performed on the gas-phase geometries at the same basis level. The charge on metal atom is also listed in 
Conclusions
Transition metal (II) complexes of 4-benzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one derivatives were studied by the means of density functional theory to give better insight into the effect of metal chelation on antioxidant properties. Two plausible structures of two distinct coordination optimized structures shows that the geometrical disturbance is only localised on the chelation site. In both cases, the solvation lead to a sensitive elongation of the bond distances.
In gas-phase the k 2 -N,O structures are the most stable. This trend remains identical for the ligand in a solution-phase. For the others ones, the stability depend on the ligand and on the solvent. In general, the stability increases with the increasing of the atomic number of the divalent metal cation M 2+ . The MIA highly varies with the coordination mode and substitution effect. From the sign of the value of Gibb energies for the complaxation, one can conclude that the complexation is possible in gas and acetonitrile. The analysis of selectivity reveals that much higher selectivity is observed by Fe 2+ cation.
Our results shows that the metal chelation decreases the BDE of X-H n (n = 2, 3, 4, 7). This reduce of BDEs is more pronounced for k 2 Moreover, from the natural charge distribution of atoms in gas-phase, one can observe that the net charge on the metal atom is lower for k 2 - (O,O) complexes. The k 2 -(O,O) coordination mode highly alter the redox potential of metal atom and render them more inactive. This confirms the fact that such a coordination mode leads to complexes with higher antioxidant activities.
